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shifts in AP and SI directions, both with the largest shift of ± 
1.2 cm, while the corresponding result for the relative shifts 
in the LR directions where +0.5 cm (Figure 1b). The number 
of shifts > ± 0.3 cm was 31 %, 28% and 12 % in the AP, SI and 
LR directions respectively. The systematic (∑) error based on 
the difference between the bony and soft tissue registration 
were 0.4 cm, 0.3 cm and 0.2 cm in the AP, SI and LR 
directions respectively. The corresponding random (σ) errors 
were 0.2 cm (AP), 0.2 cm (SI) and 0.1 cm (LR). Using bony 
structures as surrogate for the tumour (ITV) requires an AP 
margin of 1.1 cm, SI margin of 0.9 cm and LR margin of 0.5 
cm (Table I), calculated according to the Van Herk formula 
(Seminars in Radiation and Oncology, 2004).  
 
 
Conclusions: Large differences between bony and soft tissue 
registrations were revealed, and the use of bony structures as 
a surrogate for the tumour would result in a setup margin of 
1.1 cm, 0.9 cm and 0.5 cm in AP, SI and LR directions, 
respectively. We concluded that the bony structures in the 
spine seem to be inappropriate as a surrogate for the tumour 
in lung stereotactic radiotherapy treatments.  
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Purpose/Objective: In prostate external beam radiotherapy 
(EBRT), rectal distension and motion can affect the position 
of the prostate due to the close anatomical relationship. The 
greatest extent of motion is generally seen in the 
anterior/posterior plane and is strongly correlated with 
rectal filling. This is of particular relevance as the majority 
of tumour foci are found at the posterior of the prostate 
gland. The aim of this study is to establish if the use of an 
endorectal balloon (ERB) (QLRAD Rectal Pro 75) during 
radical EBRT stabilises the rectum compared to no bowel 
intervention. 
Materials and Methods: Six patients were recruited into a 
local feasibility study. Patients received standard radical 
EBRT (60 Gy in 20 fractions) using volumetric modulated arc 
therapy (VMAT) with routine on-treatment cone beam CT 
(CBCT) imaging. No bowel preparation was given. Alongside 
routine practice, the patient had an ERB inserted at the 
initial planning scan then once per week immediately after 
treatment delivery. The ERB was not in-situ during EBRT. 
Study images were obtained at the initial planning scan (1 CT 
image with and without ERB), and once per week during the 
treatment course (4 CBCTs with and without ERB). This 
allowed the patient to act as their own control to enable 
comparison of rectal stability with or without an ERB in-situ. 
All scans were exported to the Pinnacle (version 9.6) 
treatment planning system. For non-ERB images the rectum 
was outlined from 1 cm inferior to 1cm superior to the 
planning target volume. For ERB images the balloon was 
outlined. Conformity of outlined volumes between the initial 
planning scan and the CBCT scans was assessed using the Dice 
similarity coefficient (DSC: 1=unity, 0=no overlap of 
volumes). Centroid shift (geometric centre of mass) was 
calculated to assess gross volume movement. 
Results: The DSC values (mean ± standard deviation) for ERB 
and non-ERB volume comparisons were 0.84±0.06 and 
0.67±0.07 respectively, and centroid shifts (mean ± standard 
deviation) were 0.57±0.27 cm and 0.62±0.34 cm respectively. 
Centroid shifts in the individual A/P, R/L and S/I planes are 
shown in the table. Centroid shifts in the individual A/P, R/L 
and S/I planes are close to the limiting spatial resolution of 
the images (planning: 1x1x2.5 mm; CBCT: 1x1x1 mm).  
 
 
 
Conclusions: DSC results suggest that the use of an ERB helps 
to stabilise the shape of the rectum during prostate EBRT. 
However, the use of an ERB did not improve the positioning 
of the rectum, since the centroid shifts from the initial 
planning scan to the CBCT images were already small 
whether an ERB was in-situ or not. The main limitations of 
the study are the small number of patients involved, and the 
use of different regions as metrics in the ERB (balloon) and 
non-ERB (rectum) images. 
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Purpose/Objective: Frameless stereotactic radiosurgery 
(SRS) requires dedicated systems to monitor the patient 
position during the treatment to avoid target under-dosage 
due to involuntary shift. The new EDGE linear accelerator 
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from Varian (Varian, Palo Alto, USA) integrates, for cranial 
lesions, the common Cone Beam Computed Tomography 
(CBCT) and kV-MV portal images to the Optical Surface 
Monitoring System (OSMS), a device able to detect real-time 
patient’s face movements in all 6 couch axes (vertical, 
longitudinal, lateral, rotation, pitch and roll). We have 
evaluated the OSMS imaging capability in checking the 
patient’s position and monitoring its motion. 
Materials and Methods: An home-made cranial phantom was 
developed to evaluate the OSMS accuracy in four different 
experiments: (i) comparison with CBCT in isocenter location; 
(ii) capability to recognize predefined shifts up to 2-3°/cm; 
(iii) evaluation at different couch angles; (iv) ability to 
properly reconstruct the surface when one camera is covered 
by the EDGE. 
Results: The OSMS system showed to be accurate for patient 
positioning respect to the CBCT imaging system with 
difference of 0.6±0.3 mm for linear vector displacement, 
with a maximum rotational inaccuracy of 0.3°. OSMS 
presented an accuracy of 0.3 mm for displacement up to 1 
cm and 1°, and 0.5 mm for larger displacements. Different 
couch angles induced a mean vector uncertainty <0.4 mm. 
Coverage of one camera produced an uncertainty <0.5 mm. 
Conclusions: In conclusion, OSMS could be considered 
suitable for SRS accuracy positioning and monitoring. 
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Purpose/Objective: The radiobiological characteristics of 
prostate cancer have been investigated and evidence 
suggests a low alpha/beta ratio. As a result, increased 
tumour cell kill should correlate with increased dose per 
fraction. Improved tumour control rates should be possible by 
delivering large doses/fraction without increasing normal 
tissue toxicity.  
Although in-vivo studies have supported this, the radiation 
delivery techniques reported have tended to use Cyberknife 
or other less sophisticated linear accelerator techniques.  
The objective of this study was to assess feasibility, safety 
and efficiency of delivering FFF volumetric arc therapy for 
prostate SABR using: fiducial markers for verification and 
MRI/CT fusion for delineation. 
Materials and Methods: Ethically approved safety and 
feasibility study including first 17 patients with low-
intermediate risk prostate cancer, PSA ≤ 20 ng/ml and a 
Gleason score ≤7. MRI/CT image fusion was used for target 
delineation. 
Patients planned using Varian Eclipse (v.10.0.42) 10X FFF (2 
arcs) and treated using Varian Truebeam STX to a dose of 
35Gy/5 fractions. Patients were treated on the planned 
delivery schedule of alternate days which resulted in an 
overall treatment period of 11 days. Cone-beam CT images 
were acquired pre and post treatment. Patients were 
assessed for acute and late gastro-intestinal (GI) and genito-
urinary (GU) toxicity before each treatment and at 4, 10 and 
18 weeks. Planning criteria was assessed ensuring it was a 
clinically feasible method of planning and beam on time was 
recorded to assess efficiency. 
Results:  
Feasibility: Clinically acceptable plans were achieved for 
100% of reported patients. (Table 1) 
Safety: No RTOG acute toxicity of grade > 3 was recorded for 
any of the 17 patients. 
Efficiency: Mean treatment time for a course of conventional 
radiotherapy 1814.48 seconds and for SABR 603.1 seconds. 
This demonstrates a significant reduction in BOT of 67% for 
study patients (p=<0.001). (Table 1) 
 
Conclusions: Following the assessment of the first 17 
patients, the research team is satisfied that all outcomes 
from this study are being met. Planning data has been 
achieved for all patients allowing treatment using the study 
method to proceed. Treatment has been tolerated well by 
patients with acute toxicity being within acceptable limits. A 
significant reduction in BOT has also demonstrated the study 
technique to be efficient.  
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Purpose/Objective: An important step in radiotherapy 
treatment delivery is the accuracy of patient positioning. In 
order to ensure the accuracy, stability and reproducibility of 
the HexaPODTM robotic table, we started doing, since its 
initial clinical use in March 2014, weekly setup verifications 
with a QUASARTM Penta-Guide phantom in combination with 
Elekta XVI CBCT. The objective is to verify if the couch, after 
applying known shifts in all directions, is able to reposition 
the phantom at the isocentre with high precision and very 
low and small deviations. Quality assurance (QA) of the XVI 
system alone is performed apart. 
